Jailed women are four-five times more likely to have had cervical cancer compared to women without criminal justice histories. Previous research has shown that an important contributor to cervical cancer risk, and perhaps lack of follow-up, is incarcerated women's low health literacy about broader reproductive health issues. Little work has been done to address this disparity. Thus, the objective of this study was to test the effectiveness of an intervention to improve incarcerated women's cervical health literacy and ultimately address cervical cancer disparities. Using a waitlist control design, we compared changes in cervical health literacy (knowledge, beliefs, self-efficacy, and confidence for screening and follow-up) among 188 incarcerated women who completed a 10-hour intervention between 2014 and 2016 in three Kansas City jails. We used bivariate tests and multivariate analyses that controlled for baseline cervical health literacy level and key covariates. Women in the intervention group showed significant gains in seven out of eight cervical health literacy domains (all p b 0.01), whereas the control group only improved in one domain (p b 0.01). When controlling for covariates, the intervention group had less barriers, perceptions of seriousness, susceptibility to disease, and increased self-efficacy for cervical health screening and follow-up, compared to the control group (all p b 0.05). A brief intervention is an effective way to improve jailed women's cervical health literacy, but should be provided alongside systemic efforts that expand access to correctional preventive health services, including the human papillomavirus vaccine, community-based cancer screenings, and health insurance after women leave jails and transition back to communities.
Introduction
Over the past 40 years the U.S. has witnessed a significant drop in cervical cancer rates, due to longstanding routine Papanicolaou (Pap) testing, new advances in human papillomavirus (HPV) typing, HPV vaccine, and most recently, expanded coverage for women's health services through the Affordable Care Act (ACA) (Centers for Disease Control and Prevention (CDC), 2016; Koh & Sebelius, 2010) . However, the most vulnerable women in the U.S. -the one million American women in jails and prisons, or under community correctional supervision -may have missed the benefits of these interventions altogether (Kaeble et al., 2015; Binswanger et al., 2009 ). This group of women, particularly in the industrialized countries where research has been conducted over the last four decades, has demonstrably higher rates of cervical cancer, abnormal Pap test histories, and lower rates of Pap screening compared to women without criminal justice histories (Binswanger et al., 2009; Audet-LaPointe, 1971 ). To date, there is little data available on incarcerated women's experiences with HPV vaccine, though recent studies indicate that these women are likely under-vaccinated as well (Ramaswamy et al., 2011) .
The path to poor cervical health among incarcerated women starts early, as they bear the burden of all the markers of cervical cancer risk: poverty, low education, tobacco use, early sex initiation, a lifetime of exposure to sexual and physical trauma, and other risks like high rates of HPV and histories of sexually transmitted infection (STIs) (Ramaswamy et al., 2011; Herbst et al., 2016) . However, most incarcerated women in the U.S. have had exposure to routine cervical health screening as they are of childbearing age and have had, on average, two pregnancies (Ramaswamy et al., 2011; Binswanger et al., 2005) .These studies report routine Pap screening rates among incarcerated women in the U.S. as high as 84-90% (Ramaswamy et al., 2011; Binswanger et al., 2005) , though others report that less than half of these women gain access to recommended clinical follow-up after an abnormal Pap test (Martin et al., 2008) . In probing incarcerated women about their Pap screening and follow-up experiences, we and others have found that they do in fact report low levels of cervical health literacy (Binswanger et al., 2005; , which may partly explain their poor cervical health outcomes relative to the general population.
The Institute of Medicine (IOM) report, Health Literacy, A Prescription to End Confusion, says that, "Health literacy level is the product of a complex set of skills and interactions on the part of the individual, the health care system, the education system, and the cultural and societal context" (Nielsen-Bohlman et al., 2004) . Incarcerated women have uniquely complicated barriers when it comes to cervical health literacyspecifically, complex risk histories and environments that may affect their ability to act on knowledge about cervical health. For example, one barrier to knowledge stems from frequent STI checks, which inadvertently cause confusion over pelvic and Pap screening (Kelly et al., 2017) . Furthermore, these women's long trauma histories tend to impact on their beliefs about Pap screening -that is, an expectation of fear, discomfort, and questionable safety during gynecological exams . Finally, their self-efficacy for Pap screening and follow-up may be compromised by drug use; mental health problems; trading sex for money, drugs, or shelter; and a lifetime of cycling in and out of the criminal justice system Clarke et al., 2007) .
Thus, we operationalize cervical health literacy broadly as knowledge, beliefs, self-efficacy, and confidence for navigating health systems, in part as a reflection of the IOM report and our own need to tailor an intervention to the high-risk group of women we work with given the unique risk histories and environments in which they interact . We developed the Sexual Health Empowerment (SHE) Project , an intervention focused on "interactive health literacy" (Nutbeam, 2000) , where we impart both knowledge and skills to increase women's cervical health literacy. Our objective was to test the effectiveness of an empirically-based, theoryinformed, and pilot-tested cervical health literacy intervention designed to reduce the persistent cervical health disparities faced by incarcerated women.
Methods

Study site
Participant recruitment occurred at three county jails that straddle both sides of the Kansas City, Kansas and Missouri state line. The two urban jails had capacity for 800 and 300 inmates each; the third jail in a suburban location had capacity for 1000 inmates. Fifteen percent of the total population was female. The two urban jails were within fives miles from a major medical center, and the third was about 10 miles from the nearest hospital. Health departments, low-cost clinics, and community-based behavioral health clinics serve the area. Inmates in all three facilities undergo a medical intake process and can request medical treatment and medicines for a fee through jail health services (indigent patients accrue debt), which were contracted out to correctional health care corporations at each of the facilities. Preventive health care services, for example Pap tests and STI screening, were not available unless medically necessary.
We recruited participants on a rolling basis at minimum and medium security housing units in 26 intervention cohort groups across the three facilities from September 2014 to March 2016. Fig. 1 describes average daily census, recruitment, and intervention participation.
Intervention
The SHE Project was a cervical health literacy intervention designed to improve incarcerated women's knowledge about cervical health, reduce barriers to screening and treatment that stem from beliefs about cervical cancer, improve self-efficacy for cervical cancer screening and follow-up, and increase women's confidence for navigating interactions with health care providers and systems see Fig. 2 ). The content of these individual sessions was driven by our own data collection on the cervical health literacy of incarcerated women , as well as the general literature on cancer health literacy and unique barriers that incarcerated women might face (Hunter, 2005; Eggleston et al., 2007; Binswanger et al., 2011; Lindau et al., 2006; Magee et al., 2005) . But the overall flavor of the intervention was rooted in social and feminist theory. We sought to understand women's experiences within their social and political contexts, emphasizing: the role of romantic and sexual partnerships, family, and community in women's lives; the impact of race, class, and gender on specific health outcomes; and a rejection of status quo values and assumptions about women in general (Bourdieu, 1984; Andrist & MacPherson, 2001) .
The intervention was delivered in small-group format on five sequential days, each for a two-hour period, resulting in 10 total hours of contact. The group format was selected to allow women to leverage the social capital in the room, and sort through the strengths and weaknesses brought to the group, given women's insider knowledge of communities, correctional facilities, and the streets. Finally, we developed the intervention for short-term correctional facilities with lower security housing units so we could track for a subsequent study the long-term cervical health screening and follow-up outcomes for women as they transition back to their communities.
Study design, sample, and procedures
We employed a waitlist control design to evaluate the effectiveness of the intervention. We chose this design to address the ethical dilemma of using an untreated control group, since we felt strongly that all participants would benefit from a reproductive health intervention beyond just providing pamphlets or some other form of basic self-directed health education. Thus, in each cohort we systematically assigned half the participants to receive the intervention in week one, and the other half to receive the intervention in week two (see Fig. 1 ), with the latter group comprising the waitlist control group for each recruitment cohort.
Systematic intervention group assignment occurred according to seating during consent: every other person went to the week one group (intervention group), while the rest went to the week two group (waitlist control group). There were no exceptions to this, unless ≤5 participants were recruited during a cohort, in which case all participants were assigned to the intervention group, resulting in a slightly imbalanced sample (54.4% intervention cases and 45.6% control cases). The intervention and waitlist control groups were similar on all sociodemographic and health history characteristics (see Table 1 ), except more women in the control group had an abnormal Pap test history or HPV diagnosis (61.8% vs. 44.6% and 18.4% vs. 11.7%, respectively, p b 0.05). We have no information about what accounted for these differences.
Participants were eligible for the study if they were sentenced to a minimum or medium security housing unit in the adult facility, which held women age 18 or older. Though we know routine Pap screening is not recommended for women under age 21, we did not want to exclude younger women from the anticipated benefits of a cervical health literacy program. There were no medical exclusions barring eligibility, since our endpoint was to assess the effectiveness of a cervical health literacy program regardless of past medical experiences. Though we did not formally screen for psychological distress, we did not enroll women if they exhibited distress that would impede our ability to obtain written consent (only one person met this exclusion criteria).
We recruited participants several ways: by posting flyers in the housing units advertising the availability of a sexual health educational program; through word-of-mouth recruitment from special programs staff, correctional officers, jail case managers, and other participants; and via direct discussion of the program by study staff in the women's housing units. Interested individuals signed up and were brought to the special programs room at each jail, or to the common area of the housing unit in one facility, on the first day of the study. Study staff explained the study, read consent forms aloud as individuals read along, and answered their questions. After consenting, all participants completed a 158-item baseline survey. The baseline survey was also read aloud by study staff as participants read along. Study staff were available if participants needed assistance reading. Once the baseline survey was complete, participants were systematically assigned to receive the intervention either starting that day (intervention group) or starting the following week (waitlist control group). Women not assigned to the intervention group during systematic intervention group assignment returned to their housing units. Study staff then began Day 1 of the program. After participants in the intervention group completed the program on Day 5, they completed an 82-item post-intervention survey.
When the waitlist control group came in the following week, prior to starting the Day 1 program, they completed a 73-item pre-intervention survey. After completing the program, the waitlist control group also completed the same 82-item post-intervention survey on Day 5. The primary analysis of treatment effectiveness for this study was a comparison of changes in cervical health literacy from baseline to post-intervention for the intervention group; and from baseline to preintervention for the waitlist control group ('true' control conditions).
The study protocol was approved by a review committee on the protection of human participants.
Measures
Primary outcomes for this study were measures of cervical health literacy, operationalized as knowledge, beliefs, self-efficacy, and confidence around cervical health screening and follow-up. At pre-and post-test, we used the Pap Knowledge Scale (Fernandez et al., 2009 ), Health Belief Model Scale for Cervical Cancer and Pap Smear Test (Guvenc et al., 2010) , Self-Efficacy Scale for Pap Smear Screening Participation (Hogenmiller et al., 2007) , and three questions we developed based on our own preliminary studies about confidence around navigating health systems specific to women with criminal justice involvement . The Health Belief Model Scale included five different domains of health beliefs: benefits of screening (e.g. regular Pap tests best way for cancer to be diagnosed early), barriers to screening (e.g. afraid of Pap tests for fear of bad results), perceived seriousness (e.g. cervical cancer would change life), susceptibility to cervical cancer (e.g. chances of getting cervical cancer high), and motivation for screening (e.g. engaging in activities to improve health) (Guvenc et al., 2010) . The baseline survey also included questions that assessed participants' sociodemographic characteristics, interaction with the health care system, substance use, sexual health risks, trauma, mental health problems, criminal justice involvement, reproductive health, and cervical cancer risk history (scales described in Table 1 ). From September 2014 to March 2016, we recruited participants in 26 cohorts. During each recruitment cohort, the average daily census at the jail was 38.9; an average of 10.9 participants were interested; and an average of 10.0 participants were recruited. Within each cohort, participants were randomly assigned to the intervention (average of 5.5 participants) or waitlist control group (average of 4.6 participants).
b If ≤5 participants were recruited during a cohort, then all participants were assigned to the intervention group.
Data management and analysis
Completed surveys, identified by unique study ID numbers, were scanned and sent securely to Captricity, a data managing service. Captricity made available a secure and password-protected database in which study staff double-checked the data with clickable photo images of paper survey entries for accuracy. Prior to analysis, missing data due to nonresponse were handled by multiple imputations, in which an expectation-maximization algorithm provided prior estimates of missing values for a subsequent Monte Carlo Markov Chain procedure (Enders, 2010) . We created a large number (100) of imputed datasets to ensure accurate recovery of missing data and combined analysis results from each imputed dataset to make valid statistical inferences.
Descriptive statistics were calculated to demonstrate sample sociodemographics and summarize measured variables. To test the primary hypothesis that the intervention would increase cervical health knowledge, reduce barriers to screening that stem from beliefs about cervical cancer, and improve self-efficacy for screening and follow-up, each outcome was compared within and between the intervention and control groups using bivariate tests (chi-square or Fisher's exact test, dependent-or independent-samples t-test with Satterthwaite approximation as appropriate). Further, general linear models were fitted to estimate the intervention effect (i.e. group differences at post-test), Fig. 2 . Sexual Health Empowerment (SHE) Project intervention topics, delivery, outcomes. Note. More information about intervention development and content can be found in . The intervention manual and training in delivery can also be requested at www.kumc.edu/she. after controlling for baseline cervical health literacy scores and key covariates (education, health insurance, and access to a medical home or usual place of care). Statistical significance was determined at 0.05 alpha level and all analyses were conducted using SAS 9.4.
Results
Participants were on average 34 years old (SD = 9.45) (see Table 1 ). Half were White (n = 94, 50.0%), and a third were Black (n = 56, 29.8%). Less than 10% (n = 17) of women reported Latina ethnicity. Two-thirds (n = 118, 62.8%) had completed high school or more education, but only 18.3% (n = 34) were employed full-time prior to incarceration. Less than half of the participants had health insurance (n = 73, 38.8%), but most had access to a medical home or usual place of care (n = 131, 69.7%). Two-thirds of women (n = 126, 67.0%) reported a Pap screening in the past three years. Over half (n = 97, 51.6%) had a lifetime abnormal Pap test history, 14.4% (n = 27) had ever been diagnosed with HPV, and 13.8% (n = 26) had received a cervical cancer diagnosis in the past.
Comparisons of cervical health literacy pre-and post-intervention showed that the intervention group experienced significant changes for seven out of eight domains, including increased knowledge about cervical health When controlling for covariates (pre-test cervical health literacy scores, education, health insurance, and access to medical home or usual place of care), the intervention and control groups were significantly different on four outcomes: reduced barriers (p b 0.01, partial η 2 = 0.05), perception of seriousness (p b 0.01, partial η 2 = 0.05), susceptibility to disease (p b 0.05, partial η 2 = 0.03), and increased self-efficacy for cervical health screening and follow-up (p b 0.01, partial η 2 = 0.05) (see Table 2 ).
Discussion
We demonstrated that a brief jail-based intervention improves cervical health literacy among incarcerated women. Despite the high rates of cervical cancer among women with criminal justice histories, little has been done as far as intervention. We contribute to the field a manualized, easy to implement sexual health program that can be used for this high risk group. A uniqueness of the intervention is its emphasis on the women's real lives: trauma, drug use, sex work, poverty, Notes. a Participant characteristics are presented for the 188 participants whose data were analyzed in the intent-to-treat analysis, which included 112 participants in the intervention group (participants who completed baseline and post-intervention survey) and 76 participants in the waitlist control group (participants who completed baseline and pre-intervention survey). b p-Values b0.05 for comparisons between groups are boldfaced. c Full-time, part-time, or on and off. d Cash assistance, food stamps, social security, or disability. e Assessed using AUDIT-C, which is scored on a scale of 0-12 (scores of 0 reflect no alcohol use). In women, a score of 3 or more is considered positive for alcohol problems (Bradley et al., 2007) . f Assessed using DSM IV criteria, where If participants answer "yes" to 3 of 6 DSM-IV criteria, they were classified as drug dependent (Compton et al., 2004) . g Lifetime diagnosis by a clinician of hepatitis B or C, human immunodeficiency virus, syphilis, gonorrhea, chlamydia, trichomoniasis, herpes, or HPV. h Adapted from Verbal HITS scale, where responses dichotomized so that 1 = any IPV in past year, 0 = no IPV in past year (Sherin et al., 1998) . i Adapted from Childhood Experiences of Violence Questionnaire, where responses dichotomized across categories so that 1 = any violence, 0 = no violence (Walsh et al., 2008) . j Lifetime diagnosis by a clinician of depression, anxiety, bipolar disorder, or post-traumatic stress disorder.
being uninsured, stigma, and ongoing criminal justice involvement. An important consideration when working with women in short-term correctional facilities is that the group not only needs information on accessing resources from inside jail -they also need it as they transition back to communities and reestablish relationships with family, friends, community-based health providers, and institutions that can facilitate access to housing and health care. Population-tailored interventions work well to address women's deficits in knowledge, their pathways to risk and how those influence beliefs, and the specific challenges to self-efficacy they encounter (Mojica et al., 2016; Scarinci et al., 2012) . We still do not have information about the extent to which changes in cervical health literacy will translate to actionable uptake in cervical cancer prevention behaviors, like the HPV vaccine, routine Pap screenings, follow-ups for abnormal Pap tests, and treatment for the range of sexual and reproductive health problems that at-risk women face. The evidence from other health literacy interventions, though they are few, points in a promising direction: increases in health literacy are associated with increases in knowledge, self-efficacy for screening, and engagement in cancer preventing behaviors (Lindau et al., 2006; von Wagner et al., 2009; Lindau et al., 2002) .
Our intervention reduced participants' perception of risk for getting cervical cancer and perception of how bad cervical cancer might be if they did get it. This counters other research that has the goal of increasing perception of risk and severity as a way to increase rates of cervical cancer screening (Williams et al., 2015; Bayu et al., 2016) . Instead, we presented the risks of cervical cancer in more realistic terms, which is that from a population perspective, the risks are simply not substantial. For example, cervical cancer is not even in the top three leading causes of cancer deaths for women and is highly preventable and treatable if caught early (CDC, 2017) . We chose to focus on the tools needed for Fig. 3 . Cervical health literacy scores at pre-test (baseline) and post-test (post-intervention for intervention cases, pre-intervention for waitlist control cases). Legend. Black circles and lines represent the intervention group, and gray circles and lines represents the control group. Note. The intent-to-treat analysis on the primary outcomes includes 112 participants in the intervention group (participants who completed baseline and post-intervention survey) and 76 participants in the waitlist control group (participants who completed baseline and pre-intervention survey). prevention, timely screening, and barriers to follow-up, in addition to an emphasis on sexual health in general, rather than cervical cancer, specifically. Our goal as interventionists was to reduce fear associated with the disease so that women would be able to take action without this crippling barrier. Future studies will tease out whether this somewhat non-traditional approach was effective at changing screening practices. Standard health literacy definitions and popular assessments of health literacy may overemphasize knowledge and numeracy, while ignoring the specific yet pervasive barriers that incarcerated women -or any specific group of women, for that matter -must confront in protecting their health (Lindau et al., 2006; von Wagner et al., 2009; Lindau et al., 2002) . At a practical level for our sample, to our knowledge, no health literacy definition or assessment factors in the women's trauma histories. These histories, along with longstanding substance abuse and mental health challenges, overburden women with criminal justice involvement and often stand in the way of achieving health literacy and positive health outcomes. These realities result in a pressing need for interactive health literacy programs to confront the unique challenges that incarcerated women face.
The primary limitation of this study is that it does not yet demonstrate whether an increase in cervical health literacy directly translates to increased screening, which is a key outcome for cervical cancer prevention. But ours is an ongoing longitudinal study that will ultimately examine screening behaviors over time. A second limitation is whether an approach like ours can be scaled up and implemented beyond our jurisdiction. The good news is that the intervention is captured in a manual, tested, and executed with fairly few resources -at a minimum, one well-trained health educator. A final limitation is our departure from the gold standard in study design for testing intervention effectiveness. Our approach using an experimental waitlist control design proved workable, given that group differences were quite clear and that our study design is actually feasible in real-world criminal justice settings. Future studies will demonstrate whether findings translate to other groups of women, though the intervention is tailored to women with the common experiences of trauma, drug use, and criminal justice involvement. Qualitative data gathered during intervention sessions may also provide clues as to ways in which the intervention and delivery is unique to the field.
Conclusions
Our program was effective at improving incarcerated women's cervical health literacy. From a broader public health perspective, focus on the 'biggest bang for the buck' -particularly at the levels of practice and policy -are of great importance. Ultimately, behavioral interventions like ours would be provided alongside access to preventive health services in corrections, which is rare given the corporatization of both corrections and health care inside jails, where the bottom line is more important than prevention (Cooper et al., 2016) . Such preventive services would include provision of the HPV vaccine, the frontline method for HPV-related cancer prevention. Offering vaccines in correctional settings capitalizes on the moment of opportunity for reaching vulnerable people disconnected from traditional forms of preventive health care (Ramaswamy & Freudenberg, 2007) . Secondly, as community-based cancer screening venues, like Planned Parenthood and Title X clinics, are increasingly threatened with defunding in the U.S., women in the criminal justice system -and even the larger population of uninsured Americans -are denied key cancer prevention services (Canal, 2015) . Expanded Medicaid access upon release from jails and enrollment in insurance through ACA would benefit high-risk women leaving jails and provide them with opportunities for accessing covered cancer prevention services (Riedel et al., 2016) , though those benefits are under immediate threat as a result of dramatic political changes in the U.S. (Jost, 2016) . The payoff of efforts to expand care is that the unnecessary medical, family, social, and economic costs associated with a preventable cancer could be easily eliminated by ensuring that those most at risk get connected to the health care and cancer preventing technologies they need most.
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